Functional outcomes of supraglottic squamous cell carcinoma treated by transoral laser microsurgery compared with horizontal supraglottic laryngectomy in patients younger and older than 65 years 
Introduction
Laryngeal tumours represent approximately 2% of all tumours and are the second most common tumour in the head and neck region 1 . Approximately one-third affect the supraglottic region and 90% are histopathologically squamous cell carcinomas 2 . The treatment of supraglottic carcinoma is still a controversial issue. Many accepted surgical and non-surgical oncological treatments have been currently established. In locally advanced laryngeal carcinomas, total laryngectomy has been the mainstay of treatment for decades 3 , but horizontal supraglottic laryngectomy 4 (HSL) and more recently supracricoid laryngectomy, supratracheal laryngectomy, supraglottic CO2 laser microsurgery (TLM) [5] [6] [7] [8] [9] , transoral robotic surgery (TORS), radiotherapy alone or radiotherapy in combination with chemotherapy are accepted options. These options can be used together or separately. For example, in the case of early or well selected advanced supraglottic carcinoma, this can be treated successfully with HSL, TLM or radiotherapy 10 , but robotic surgery is also an option. The addition to radiotherapy and chemotherapy is also generating interest. Key principles must be taken into account to determine patient eligibility for an organ preservation or surgical approach, because even though local control is the main goal of the treatment, the preservation of laryngeal function must be effective to achieve consistent functional outcomes in terms of speech and swallowing. Furthermore, the eligibility of the patients is based on the extent of tumour and not only on the T classification [11] [12] [13] . In reality, the proportion of deaths due to cancer has been increasing among elderly people, and this is frequent in developing countries. Patients over 65 years with laryngeal carcinoma have their own particular characteristics. Age is considered a major risk factor for development of laryngeal tumours, although symptoms of cancer are less evident in elderly patients, due to sensory hypofunction and frequent confusion of cancer symptoms with the symptoms of various pre-existing diseases. These factors may result in misdiagnosis or delayed diagnosis 14 . The risk of the surgery also increases in elderly patients due to frequent age-related chronic systemic diseases 15 . Some studies have shown that complications of head and neck surgeries are increased significantly in elderly patients 16 17 . Due to the high rate of complications related to the treatment of these tumours in patients over 65 years of age, surgical treatment is not widely accepted. However, only few studies have compared the rate of complications related to the treatment of supraglottic squamous cell carcinoma between TLM or HSL in elderly patients. For this reason, the aim of this study was to retrospectively evaluate the rate of complications and oncological and functional outcomes obtained in a series of elderly patients treated by TLM and HPL for cT1-cT3 supraglottic squamous cell carcinomas (SCC) in a tertiary University Hospital and compared with a control group of younger patients.
Materials and methods
A retrospective analysis was performed on previously untreated patients diagnosed with squamous cell carcinoma (SCC) of the supraglottis (cT1-cT3), N -/+, M -/+ according to criteria of the Union Internationale Contre le Cancer (UICC) and the American Joint Committee on Cancer (AJCC). Patients were divided in two groups according to age (younger and older than 65 years). All patients treated with curative intent by TLM or HSL between January 2010 and January 2012 were included, and patients who had received prior treatment with another surgical technique or those who had received prior RT were excluded. Identification of cases was achieved by computerised research on the medical records of our database, using the International Classification of Diseases (ICD-9). This study was approved by the ethics committee of our centre. The demographic data (age, sex), past medical history, comorbidities, stage, imaging, complications, outcomes after surgery, type of surgery, etc., were obtained by review of medical history.
Preoperative examination
Prior to surgery, all cases were discussed in an interdisciplinary committee of head and neck tumours. Preoperative examination of the lesion was carried out by indirect laryngoscopy, videolaryngoscopy and CT or MRI of the neck to evaluate cartilage, preepiglottic and paraglottic space and lymph node involvement. Fine needle biopsies of the neck nodes were normally performed under ultrasonographic control. Patients with lesions suspicious for malignancy were scheduled for laryngeal microsurgery and pan-endoscopy with biopsies, followed by TLM or HSL in cases that were positive for malignancy if they had adequate pulmonary function (pulmonary function tests, such as vital capacity and forced expiratory volume in 1 second, were done in patients with history of chronic obstructive pulmonary disease). After surgery, pTNM classification was presented in the multidisciplinary committee and the need for reoperation or additional radiotherapy (RT) or chemoradiotherapy (QT/RT) was assessed.
Operative technique
The type of surgery, whether TLM or HSL, was selected according to the clinical tumour stage and difficulty of exposure. TLM was performed on tumours not involving the vocal cords or the laryngeal framework or involving not more than 1 arytenoid. When indicated, supraglottic resection was extended to the valleculae, the base of the tongue and the medial wall of the pyriform fossae. The indication for transoral laser CO2 surgery was made if the tumour was completely exposable during the previous laryngeal microsurgery. If, however, the vocal cords were fixated, the laryngeal framework affected or the base of tongue or hypopharynx was not completely exposable during direct laryngoscopy, an open procedure was indicated. All patients underwent a general anaesthesia with orotracheal intubation, and resection was performed using a Lumenis CO2 laser device (Yokneam, Israel), with a power setting of 10-12 W, used in superpulsed mode and continuous setting, varying size and shape of the spot according to the moment of the surgery by using the micro-manipulator Acuspot-Acublade (Lumenis). In the case of small tumours, whenever possible, en bloc resection was attempted and the excised piece was pinned and orientated on a corkboard. In larger lesions, a piecemeal resection was often the only option. In all cases surgeons tried to achieve a margin of healthy tissue of 2-3 mm, trying to preserve functions without affecting the oncological radicality of the procedure. During surgery no intraoperative biopsies were performed if the resection was satisfactory. However, when the depth of cancer infiltration was difficult to estimate a frozen section was sent for examination. Subsequently, vaporisation of the surgical site was performed to prevent tumour recurrence when the frozen section was positive 18 . Resection margins were classified as free, uncertain, or affected according to Blanch et al. 18 . In cases of affected margins, re-intervention was performed. Those patients with uncertain margins were followed up and only in the case of finding persistence or recurrence was another surgery was performed. HSL was indicated in patients regardless of age and stage (cT1-cT3), when resection was not possible by TLM due to the difficulty of exposure of the lesion or the tumour size and when no involvement of the vocal cords or laryngeal framework was seen. Extension to the base of the tongue or the hypopharynx was not considered a contraindication. Preepiglottic o paraglottic space involvement was considering a contraindication to this technique in our centre. However, according with other reports, in selected tumours classified as T3 due to limited paraglottic spread without fixation of the arytenoid cartilage, this surgery can be an option 19 . All the supraglottic laryngectomies included in the study were performed using a modification of the Alonso's technique described by Herranz et al. 20 , (In all external neck approaches we always perform a tracheotomy). The type of surgery (endoscopic supraglottic CO 2 laser partial laryngectomy or open partial horizontal laryngectomies) was classified according to the European Laryngological Society (ELS) proposal 21 22 . In all cases, the XII cranial nerve and superior laryngeal nerve were intended to be preserved. Advanced chronic respiratory disease was considered a major contraindication.
Treatment of the neck
In patients treated by HSL who presented positive neck lymph nodes (N1, N2), a selective neck dissection including levels II, III, IV and V was performed in the same surgical procedure. In those patients treated by TLM, the selective neck dissection was performed in a second procedure 3 weeks after the initial tumour resection, accompanied by second look microlaryngoscopy exploration. Patients classified as N0 were followed up and only if metastatic disease became evident was a functional neck dissection with microlaryngoscopy exploration performed.
Oral intake
For patients treated by TLM, oral intake was commenced 6 hours after the procedure if the resection was small. In more advanced tumours, we used a nasogastric feeding tube (NGT) and waited 24-48 hours to start oral intake. In patients treated by HPL, a NGT was inserted and no oral intake was allowed for the first week.
Follow-up
In our department, patients diagnosed and treated for head and neck malignant tumours are followed up for at least 5 years by the Head and Neck Oncology Team. However, for this study we considered a group of patients that has been followed up by a minimum of 36 months (3 years).
Complementary treatment
Additional postoperative radiotherapy was administered to some patients in both groups in advanced neck disease (N2a/b/c) when the histopathological examination revealed extracapsular spread or in those patients with lymphatic micrometastases. Patients with histologically close surgical margins, mainly at the base of the tongue, also received post-surgical radiotherapy for 4 weeks postoperatively followed by weekly doses to reach a total dose of 60 Gy.
Statistical analysis
Statistical analysis was run by the SPSS program for Windows, Version 20.0 (SPSS, Inc. Illinois, USA). Quantitative variables in the study are expressed as mean ± typical deviation. The different variables were correlated by Pearson's chi-square test and for the comparison of continuous variables (mean hospital stay, mean time to decannulation, aspiration pneumonia, NGT mean duration, tracheostomy duration, need of percutaneous gastrostomy) between both groups of elderly patients the Mann-Whitney U test was used. P values of < 0.05 were considered to be statistically significant in all tests. We calculated overall survival and disease-specific survival using Kaplan-Meier survival analysis. As reference for overall survival, we used the survival time from the surgery until the last revision or date of death regardless of cause. For disease-spe-cific survival, we considered the time between the surgery until death by tumour or until total laryngectomy was performed. We calculated the influence of various factors on survival using the log-rank method.
Results
47 patients met the inclusion criteria, 44 (93.6%) patients were male and 3 (6.4%) were females. 31 (65.9%) of them were treated with TLM and 16 (34.1%) were treated with HSL. All data are presented in Tables I, II and III for  TLM and in Tables IV and V for HSL.  Other factors are shown in Tables II to VI such as: classification according to the type of endoscopic CO 2 laser supraglottic laryngectomy in the group of patients treated by TLM, results of both groups according to TNM classification, mean hospital stay, mean time to decannulation, post-surgical complications including postoperative bleeding, urgent tracheotomy, number of patients who required NGT or percutaneous gastrostomy tube (PEG), postoperative dysphagia and complications associated with the surgical technique such as aspiration pneumonia and chondritis of the thyroid cartilage. In the group of patients treated by TLM, we found statistically significant differences between both groups of patients with regards to the presence of comorbidities, specifically in the group of patients over 65 years where diabetes (p = 0.017) was found to be more frequent. In terms of post-surgical complications, we found a significant difference in the incidence of aspiration pneumonia which was also higher in the group of patients over 65 years (p = 0.026). We also found a difference in the mean time to decannulation (p = 0.001) and average hospital stay (p = 0.007), which were both longer in the group of patients over 65 years (Tables II, III) . No correlation was found between the need for tracheostomy in patients treated by TLM and T stage (p = 0.862). In all patients treated by TLM, we analysed the possible effect of radiotherapy (< 65 = 10/14; > 65 = 7/17: p = 0.160) or cervical neck dissection (p = 0.316) on the rate of aspiration pneumonia and there was no statistical correlation. Furthermore, we examined the possible effect of arytenoid resection on the rate of dysphagia (p = 0.507) and there was no relation. In the group of patients treated with HSL, we did not find significant differences between the two groups of patients with regards to the presence of comorbidities or post-surgical complications. We found significant differences in the mean time to decannulation (p = 0.001), which was longer in the group of patients younger than 65 years (Tables IV, V) . In all patients treated by HSL, we also analysed the influence of post-operative radiotherapy (< 65 = 4/6: p = 0.368/> 65 = 4/10: p = 0.667) or cervical neck dissection (p = 0.337) in patients on the rate of aspiration pneumonia and possible effect of arytenoid resection on the rate of dysphagia (p = 0.451) and again no statistical correlation was found.
When comparing the two groups of patients over 65 years treated by either TLM or HSL, we found significant differences in the need for tracheostomy (p = 0.001), mean time required for decannulation (p = 0.001) and mean hospital stay (p = 0.003), all in favour of TLM. However, no significant difference was found in the incidence of aspiration pneumonia (p = 0.343), dysphagia (p = 0.117) or in the average length of NFT (p = 0.700) (Table VIII) . Finally, in the group of patients treated by TLM a total of 9 patients (29%) needed total laryngectomy, 7 of whom (22.5%) due to functional reasons, 4 were from the group of patients over 65 years and 3 from the group of patients younger than 65 years (p = 0.637). On the other hand, in the group of patients treated by HSL, none needed total laryngectomy. In the group of patients treated by TLM, three year overall survival was 67.7%, while the three year disease-specific survival was 83.8%. In the group of patients treated by HSL, the three year overall survival was 62.5%, and the three year disease-specific survival was 75%. There were no significant differences between both techniques according to overall (p = 0.626) or specific survival rates (p = 0.723) (Figs. 1, 2) . Recurrence in the neck was observed in 6 patients treated with TLM, all whom were previously classified as cN0. Those patients were treated with cervical neck dissection. Three patients died from regional recurrence, another due to pneumonia, while 2 patients were alive and diseasefree at the last follow-up.
Discussion
In general, functional results of TLM are considered by many authors superior to those obtained by HSL. TLM usually shows less time required to restore the patient's swallowing capacity, shorter hospital stay, less need of tracheotomy, lower incidence of aspiration pneumonia and lower incidence of pharyngocutaneous fistulas [23] [24] [25] [26] [27] [28] . In contrast, other authors such as Cabanilla et al. 29 did not consider these differences as significant. In particular, they compared the rate of functional problems after conventional HSL and reported no significant differences, concluding that the lower rate of patients needing temporary tracheotomy is frequently the major advantage of TLM over HSL. In terms of restoring swallowing capacity, they found faster improvement in tumours endoscopically resected by TLM, but long-term results seemed to be similar in both approaches 30 . Usually these functional advantages can be attributed to the more conservative nature of an endoscopic procedure, because healthy tissue is not involved during the approach. During open procedures, the skin as well as the thyroid cartilage and the soft tissues are involved. The incision and posterior suturing of these structures will almost always result in airway swelling and the need for tracheotomy. This can be avoided in many endoscopic resections 29 . Regarding the incidence of aspiration pneumonia, different results have been reported in the literature. Köllisch et al. found an incidence of aspiration pneumonia of 11.5% (3 of 26) in the TLM group compared to 40% (8 of 20) in the HSL group 30 .
. On the other hand, Cabanillas et al., found no significant differences in the incidence of aspiration pneumonia (11.5%) between groups (TLM vs HSL), but did find a correlation between the mean age of patients that was significantly higher in those who suffered aspiration pneumonia 29 . In our study, we only found a significant difference in the incidence of aspiration pneumonia when comparing both age groups within the group of patient treated with TLM which was higher in the group over 65 years (p = 0.026), but when comparing both techniques in the groups of patients over 65 years there were no significant difference. With regards to mean hospital stay, Cabanilla et al. found no differences in the number of days of postsurgical stay between the two surgical approaches. They hypothesised that the shorter hospital stay after transoral resection is compensated by the stay after neck dissection. In another study, Peretti et al. found a better cost-effectiveness ratio for TLM, since it reduced hospital stay by more than 50% compared with open neck supraglottic laryngectomies. In our study, we found a significant difference in mean hospital stay (p = 0.007) when comparing age groups in patients treated by TLM, resulting in a longer stay in patients over 65 years. According to the type of technique (TLM vs. HSL) in patients over 65 years old, we also found a statistical difference in mean hospital stay (p = 0.003), which was longer in patients treated by HSL.
Regarding the need for tracheostomy, we found no differences between younger and elderly patients in either groups when we compared within the same surgical technique, but we found a significant difference in the need for tracheostomy and mean time to decannulation when we compared the same parameters in patients over 65 years treated with different techniques. Patients over 65 years treated by TLM were found to require fewer tracheostomies and had a shorter time to decannulation (Tab. VII). Others authors [32] [33] [34] [35] who compared the results of TLM and HSL such as Cabanilla et al. found that the avoidance of tracheostomy was the main functional advantage of TLM, but with no difference in the need for a permanent tracheostomy 29 . Peretti et al.performed tracheotomy in only 14% of patients treated by TLM 31 . Regarding the presence of swallowing alterations, we found no differences between either of the techniques or age groups. Most authors have suggested that there is better recovery of swallowing after TLM. These outcomes could be due to the less invasive nature of laser surgery, where the muscular structures involved in swallowing are usually respected, whereas open surgery involves damage to the strap muscles and modification of anatomical structures, and therefore alteration of swallowing mechanics. Other parameters like T classification or psychological motivation have also been correlated to outcomes on swallowing after surgery 29 . This is why the role of postoperative swallowing rehabilitation is so important after these surgeries 31 . Another important issue is the presence of radiotherapy toxicity after HSL treatment. Some authors concluded that radiotherapy influences the swallowing function without affecting the phonatory results 36 . Moreover, Ruberto et al. recently analysed the rate of pexy line rupture in a group of patients treated by par- tial laryngectomy, and concluded that it is an infrequent complication that may occur in patients with normal postoperative course after partial laryngectomies, further reporting the appearance of symptoms from the beginning of swallowing exercises. Therefore, is very important to follow the patient closely during the postoperative period, because early diagnosis of a rupture in the pexy can prevent respiratory or infectious complications and massive bleedings 18 . We found no statistical correlation between adjuvant therapy or cervical neck dissection and the rate of aspiration pneumonia in either type of surgical procedure. Some authors consider the need for adjuvant radiotherapy, which usually results from histopathological findings on surgical specimens, the strongest support for an endoscopic versus an open approach 37 . However, we are not able to give a strong recommendation based on our results about this topic, and probably the small number of patients in this arm does not provide sufficient statistical power. Despite this, we always try to avoid the use of radiotherapy in patients treated by HSL. Nowadays, transoral robotic surgery (TORS) appears to be an interesting option for resection of head and neck cancer. This technique was introduced in 2006 and the first supraglottic partial laryngectomy with TORS was described in 2007 by Solares et al. who performed an experimental resection of the supraglottis in a cadaver, a dog model and later in a woman with a supraglottic carcinoma 38 . After that, Weistein et al. treated the first three human patients with supraglottic carcinoma by TORS 39 . Later, other authors have attempted to demonstrate the advantages of this new technique by overcoming the limitations of TLM, namely improved visualisation of the surgical field due to the high definition and three dimensional imaging and improved dexterity, due to more degrees of freedom of movement of the robotic arms, filtration of physiological tremor and greater comfort for the surgeon 38 . Other authors suggest that the robotic technique is considerably more comfortable, less fatiguing for the surgeon than the endoscopic technique and less operative time is required, perhaps due to the previous experience of surgeons with endoscopic techniques 40 . However, this technology is not yet available in all centres. Our study has a number of limitations. Primarily its retrospective nature and the small sample size can limit the validity of our results, as well as the lack of validated questionnaires done on patients. Another limitation is the subjective assessment of the swallowing improvement and the absence of a voice test after surgery. Prospective studies analysing the functional outcomes of these two different approaches to treat supraglottic squamous cell carcinoma will most likely help to decide which surgical path will be more beneficial for the patient, especially in the case of elderly patients.
Conclusions
In conclusion, TLM or HSL can both be a safe surgical option for patients older than 65 years, but previous evaluation of lung function before surgery is mandatory because of an increased risk of aspiration pneumonia in patients with lung problems, especially when treated by TLM. Concerning functional outcomes in patients older than 65 years, TLM reduces the postoperative rate of tracheostomy, the mean time required for decannulation and the mean hospital stay compared with HSL. However, no significant difference in the occurrence of aspiration pneumonia, dysphagia, or in the mean length of NGT feeding was found.
